Eddy current measurement technology are widely used in instruments such as displacement meters, vibration meters, and non-destructive testing equipment. In this paper, we proposes eddy current speed meter using a rectangular coil and clarifies its speed characteristics using an analytical method. A rectangle has a shape effect not present in a circle and an improvement in characteristics due to the coil system aspect ratio and also improvement in the flux utilization and miniaturization of the sensor can be expected. Therefore, after verifying the validity of the analytical solution through experiments, the speed characteristics are calculated for a case in which the parameters relating to the moving conductor-slab are varied and that in which the coil system aspect ratio is varied.
Eddy current measurement technology are widely used in instruments such as displacement meters, vibration meters, and non-destructive testing equipment. In this paper, we proposes eddy current speed meter using a rectangular coil and clarifies its speed characteristics using an analytical method. A rectangle has a shape effect not present in a circle and an improvement in characteristics due to the coil system aspect ratio and also improvement in the flux utilization and miniaturization of the sensor can be expected. Therefore, after verifying the validity of the analytical solution through experiments, the speed characteristics are calculated for a case in which the parameters relating to the moving conductor-slab are varied and that in which the coil system aspect ratio is varied.
The configuration of the proposed eddy current speed meter is shown in Fig. 1 . The eddy current speed meter consists of a rectangular excitation coil arranged horizontally on a moving conductor slab and two rectangular detection coils arranged horizontally and bilaterally symmetrical to the excitation coil. The detection coil is considered for differential connection so as to counteract the magnetic field from the excitation coil. Both the excitation coil and detection coil adopt a rectangular coil system. As a result, an improvement in the sensitivity of the electromotive force and an expansion of the linear characteristic range is expected when compared to the existing differential coil method.
In order to investigate the effect of the conductor slab speed, the conductor speed and excitation coil alternating current frequency were set as parameters. The conductor slab is moved only in the у-direction. The analysis results were calculated using the Gauss-Legendre method and by adjusting the integration range.
The electromotive force frequency characteristics when the speed is set to v = 2.5 m/s, 6.4 m/s, and 9.6 m/s are shown in Fig. 2 (a) . The maximum electromotive force is close to f = 80 Hz.
Beyond this, the electromotive force decreases as the excitation frequency increases.
The electromotive force speed characteristics when the excitation frequency was set to f = 40 Hz, 80 Hz, and 150 Hz are shown in Fig. 2 (b) . Hardly any electromotive force is generated when the conductor is stationary at v = 0 m/s. Electromotive force is generated when the conductor moves and increases as the speed of the conductor increases. At f = 80 Hz and 150 Hz the electromotive force changes linearly within the range v = 0 −10 m/s; however, at f = 40 Hz the linearity is lost at more than 4 m/s.
In the past, eddy current speed meter has mainly been analyzed in terms of circular coils. This study proposes a new eddy current testing method using a rectangular coil system and clarifies the speed characteristics of this method. Further, the study also demonstrates the superiority of a rectangular coil speedometer over a circular coil speedometer from the perspective of miniaturization and improvements to the coil system aspect ratio and flux utilization. The results obtained are as follows.
( 1 ) It is possible to measure speed within a range of 0 m/s to 10 m/s for a moving non-magnetic conductor-slab. In this case, the thickness and conductivity of the slab are known quantities.
( 2 ) The optimum excitation frequency for favorable sensitivity and linearity exists due to the thickness and conductivity of the conductor used.
( 3 ) Sensitivity improved when a vertical rectangular coil system is used in which the long side of the rectangle is in the direction of conductor movement. Consequently, it is possible to select the optimum aspect ratio for the coil system in accordance with the installation conditions.
( 4 ) By varying the aspect ratio, one can achieve a rectangular coil having higher flux utilization and smaller size than those of a circular coil. Human friendly robots increase in recent years. The robot needs the tactile sensor to carry out various tasks. In addition, the proximity (non-contact) sensor improves the safety and workability of the robot.
Here, the goal of our research is to establish a simplified system in which the objects are detected before and after contact. In this paper, we proposed a tactile and proximity sensing method which is simple structure using capacitance measurement. Figure 1 shows the schematic diagram of the proposed sensor. The proposed sensor consists of the three electrodes (X 1 , X 2 , Y). The elastic body is set between X 2 and Y electrodes. The capacitance between X electrode (X 1 or X 2 ) and Y electrode is measured by switching between X 1 and X 2 electrode. In addition, the other electrode (X 2 or X 1 ) is grounded. Figure 2 shows the measurement image of the proposed method. The capacitance (C 1 ) between X 2 and Y electrodes is in connection A ( Fig. 2(a) ), and the capacitance (C 2 ) between X 1 and Y electrodes is in connection B ( Fig. 2(b) ). C 1 is not changed without contact because X 1 electrode is grounded. In addition, C 1 is changed according to the distance between X 1 and Y electrodes. Therefore, the indentation can be calculated from C 1 . C 2 is changes according to both the permitivity of the object and the distance between electrode and the object. Thus, the sensor can detect the object from C 2 before contact. In addition, the sensor can discriminate the material from C 2 on contact. Therefore, the sensor can detect the object before and after contact. Figure 3 shows the variation in the capacitance before and after contact. The results (∆C 1 ) in connection A are in Fig. 3(a) , and the results (∆C 2 ) in connection B are in Fig. 3 (b). The objects are acrylic and grounded conductor (GND). ∆C 1 is not changed without contact ( Fig. 3(a) ), and ∆C 2 changed according to the permittivity of the object and the distance between (Fig. 3(b) ) before contact. Therefore, the sensor can detect the object without contact. Figure 4 shows the enlarged view of contact point in Fig. 3 . ∆C 1 changed according to the indentation (Fig. 4(a) ). ∆C 2 changed according to the permittivity of the object and the distance (Fig. 4(b) ). Therefore, the sensor can detect the indentation, and discriminate between the grounded conductor or other.
We proposed the tactile and proximity sensing method using capacitance measurement. The sensor which consists of the three electrodes is simple structure. The proposed sensor may be applicable for tactile and proximity sensing in robots and touch screen. 
Introduction
The femtosecond laser (fs laser) is generally used in order to transmit and receive the terahertz (THz) wave. But the fs laser is very expensive. The cost of equipment is an important factor to adopt inspection equipment. Therefore, we developed the terahertz time domain spectroscopy (THz-TDS) using laser diode (LD) which cheap laser. We measured concrete and a cable as sample. Concrete and the cable are generally inspected by X-rays or an ultrasonic wave. They are required to be inspected by un-destroying and non-contact.
Composition of Equipment
The THz-TDS using the LD is shown in Fig. 1 . The type of the photoconductive antennas is bowtie. The sample was inserted between the off-axial paraboloidal mirrors with its surface perpendicular to the sub-THz.
Measurement Sample
The measurement sample of concrete is shown in Fig. 2(a) . We measured about the sample which mixed glass spheres with cement. The measurement sample of the cable is shown in Fig. 2(b) . We disassembled the cable and measured the material separately.
Measurement Result
Transmission becomes lower as the rate of the glass spheres increases (Fig. 3(a) ). The measurement result of the peak power of THz wave using Fs laser in deferent cable positions is shown in Fig. 3(b) . We confirmed the minimum peak power at 5 mm and 10 mm. The result is influence by the conductor.
Conclusion
In THz-TDS using Fs laser and LD, we confirmed correlation between transmission and the mixture ratio of cement and glass spheres. Moreover, we confirmed that we recognized the form of the conductor in the cable by transmission of THz wave through the material of the cable. From the result of Fig. 3 (a) and (b), it is considered to obtain the similar result from LD to the result of Fs laser because transmission using LD is higher than the transmission using Fs laser. We compared the measurement result of having used Fs laser with the measurement result of having used LD, and we validated that the equipment using LD is suitable for the inspection equipment. 
Introduction
Dielectric coating is applied to metal surfaces exposed to harsh environments, in order to prevent degredation of the metal surface due to oxidization or rusting. When delamination of the coating occurs, an air gap forms between the dielectric layer and metal surface. Such defects cannot be visually detected, especially when the air gap thickness is small. Terahertz (THz) waves penetrate most dielectric materials, and are effective to detect delamination and estimate the air gap thickness quantitatively. Although measurement of the air gap thickness below paint layers using THz waves has been reported, analysis regarding the minimum detectable air gap thickness has not been done. The objective of this research is to determine the minimum air gap thickness that can be detected by combining measurement with theoretical analysis of the reflected waveform based on impulse response.
Experiment
An experiment was conducted using a three-layered specimen, constisting of a high density polyethylene (HDPE) plate, an air gap of variable thickness d, and a stainless steel (SUS) plate, as shown in Fig. 1 . THz wave pulses were irradiated at different positions (corresponding to different values of d ), and their reflected waveforms were measured.
The measurement result of THz waves reflected from the three-layered specimen are shown in Fig. 2 . S is the surface reflection, and R jk is the reflection in which the THz wave travelled j times round-trip through the HDPE plate and k times round-trip through the air gap. When the peaks of R10 and R11 (or R11 and R12) are temporally resolved, the air gap thickness can be obtained from d = c∆t/2, where ∆t is the time difference between R10 and R11 (or R11 and R12). However, this condition is only met for d > 0.12 mm.
Theoretical Analysis
Theoretical analysis of the reflected waveform was performed, based on the impulse response of the three-layered structure. The calculated waveform was in good agreement with the measured waveform, which confirmed the validity of the analysis. Analysis of the waveform of R11 when R10 and R11, or R11 and R12 were not temporally resolved showed that the local maxima to either side of R11 varied according to d. The ratio r11(−), of the local maximum before R11 to the peak value of R11, showed a monotonic change with respect to d, and can be used to estimate its value.
Combination of Experimental and Theoretical Results
The ratio r11(−) was calculated from the measured waveforms of R11, and was converted to d using the relation between r11(−) and d obtained by theoretical analysis. The measurable range was improved to d > 0.033 mm. The calculated values were in agreement with the quadratic fit for x < 40 mm to match the values obtained by d = c∆t/2 for x > 40 mm. 
Introduction
The present study analyzed the effects of repetitive transcranial magnetic stimulation (rTMS) on brain activity. P300 latency of ERP was used to evaluate the effect of low-frequency and short-term rTMS. We investigated the effect of P300 latency by stimulating the supramarginal gyrus (SMGs) and dorsolateral prefrontal cortex (DLPFCs). A conventional report is not investigated in detail about the stimulus frequency of low-frequency rTMS. Therefore, we evaluated the effect of rTMS at frequencies of 1.0 Hz or 0.5 Hz on P300 latency.
Methods
In the current study, STIM2 (Neuro Scan Ltd.) was used to produce sound stimuli and trigger signals. The sound stimuli were used in the auditory odd-ball task, and the trigger signals were used for the initiation of EEG. We first executed the odd-ball task before rTMS to set the control condition of P300 latency. Next, we stimulated the scalp by rTMS. Finally, the odd-ball task was executed once again promptly after rTMS. Magnetic pulses were delivered using a figure-eight flat coil. The frequency of rTMS was 1.0 or 0.5 Hz, and the stimulation points were the bilateral SMGs and DLPFCs, respectively. The intensity of rTMS was set to 80% of the subject's motor threshold. The EEG measurements were conducted at the Fz, Cz, and Pz electrodes, based on the international 10-20 electrode system. The auditory odd-ball task consisted of 1 or 2 kHz sound stimuli. The standard auditory stimulus was a 1 kHz sound (non-target). The deviant auditory stimulus was a 2 kHz sound (target). The effects of magnetic stimulation were then determined by measuring P300 latencies elicited by an odd-ball task. A total of 15 healthy, right-handed volunteers were enrolled in the study, and the ages ranged from 23 to 57 years of age.
Results
At first, we mention the results of 1.0 Hz-rTMS over the left stimulation point, SMG and DLPFC. Compared to the control, with 1.0 Hz-rTMS over the left SMG, P300 latencies decreased. P300 latencies of average were shorted by 17.5 ms at Fz, 20.5 ms at Cz and 31.1 ms at Pz. With 1.0 Hz-rTMS over the left DLPFC, P300 latencies increased. The average P300 latencies were lengthened by 18.0 ms at Fz, 24.2 ms at Cz and 26.0 ms at Pz. Secondly, we mention the results of 0.5 Hz-rTMS over the left SMG and DLPFC. With 0.5 Hz-rTMS over the left SMG, P300 latencies increased. The average P300 latencies were lengthened by 25.5 ms at Fz, 16.7 ms at Cz and 22.3 ms at Pz. In contrast, with 0.5 Hz-rTMS, P300 latency was little altered by over the left DLPFC. The average P300 latencies were 6.1 ms at Fz, 4.4 ms at Cz and 4.2 ms at Pz. Furthermore, P300 latencies were little altered by rTMS over the right SMG and right DLPFC at each stimulus frequency. Finally, we mention about P300 latencies that were normalized by the control. A paired t-test was used to examine whether there were significant differences in P300 latency before vs. after rTMS. The results demonstrate that 1.0 Hz-rTMS and 0.5 Hz-rTMS over the left SMG had different effects on P300 latencies. The significant difference before and after 1. 
Discussion
Results from prior-studies demonstrated that low-frequency magnetic stimulation of 1 Hz or less inhibits cerebrocortical excitement, but high-frequency magnetic stimulation greater than 5 Hz promotes excitement. Therefore, it was hypothesized that low-frequency magnetic stimulation would delay P300 latency. In this study, the increase in P300 latency was observed after 0.5 Hz-rTMS over the left SMG, and 1.0 Hz-rTMS over the left DLPFC. However, our result revealed that P300 latency was shortened after 1.0 Hz-rTMS over the left SMG. Furthermore, in contrast to the left stimulation points, the right stimulation points had no significant effects on P300 latencies. These results suggest that the left stimulation points are more susceptible to magnetic stimulation than the right stimulation points. Similarly, frequency-dependent effects of rTMS over the left stimulation points have been suggested. Neuronal excitement can be elicited by rTMS. Therefore, the results of the present study suggest that the increased neuronal excitement may activate inhibitory neurons, resulting in a shift to a resting or inhibitory state.
